An analysis of the kinematical and spatial properties of the highestmetallicity globular clusters in the Galaxy, having metallicities of [Fe/H] > −0.8, indicates that these objects do not comprise a homogeneous population. Three subsystems are identified among these clusters.
Introduction
Since the pioneering work of Shapley (1918) the properties of the Galactic globular cluster system have been seen as valuable tracers of the structure and history of the Galactic halo (van den Bergh 1995) . Zinn (1985) , Armandroff & Zinn (1988) , and Armandroff (1989) , on the basis of correlations between metallicity and kinematics, divided the globular cluster population of the Galaxy into a halo and a disk system, the clusters of which by Harris (1996) . This was obtained through the World Wide Web from the site (URL) http://www.physics.mcmaster.ca/Globular.html. Our kinematical analysis follows the lines of Frenk & White (1980 , 1982 , Zinn (1985) , and Armandroff (1989) , but our approach differs from theirs in that we divide the metal-richest clusters into two subgroups according to cluster mass. the above components of the Solar motion and the heliocentric radial velocity of the cluster (Mihalas & Binney 1981) . The radial velocity V S of a cluster with respect to a stationary observer at the location of the Sun is V S = V LSR + 220 (km/s) cos A, where A is the angle between the apex of the LSR and the cluster's position on the sky, cos A = sin l cos b and the rotational velocity of the LSR is assumed to be 220 km/s.
Analysis of the bulk rotation of a system of globular clusters depends on that system's rotation curve. In the case of a constant systematic rotation speed v rot without a global radial motion (Frenk & White 1980) 
where
v pec is the line-of-sight peculiar velocity of a cluster, and R is the cluster's Galactocentric distance. The Galactocentric distance of the Sun is taken to be R ⊙ = 8 kpc. In the case of rigid-body rotation with a uniform angular velocity of ω (Kinman 1959 , Zinn 1985 )
An unbiased estimate of v rot can be obtained by the following sum over all clusters (Frenk & White 1980) :
with a similar equation for ωR ⊙ and cos A. The line-of-sight velocity dispersion σ los of the sample is determined by inserting v rot or ωR ⊙ into equations 1 and 3, respectively, and calculating the dispersion in v pec .
Globular cluster masses M were calculated from the integrated absolute visual magnitudes (M V ) tabulated by Harris (1996) . A mass-to-light ratio of (M/L) V = 3 was assumed (Chernoff & Djorgovski 1989) .
The Two Subsystems Among the Highest-Metallicity Globular Clusters
In this section we divide the metal-richest Galactic globular clusters, which we take to be those with [Fe/H] > −0.8, into two mass groups: a high-mass group for which log M/M ⊙ > 5.55 (M V < −7.9), and a lower-mass group, containing clusters of mass smaller than this. The kinematical properties of these two groups are summarised in columns 2 and 3 of Table 1 . The parameters listed include the number of clusters in each group N, the rotation speed v rot for the case of a flat rotation curve and the value of ω for the case of rigid-body rotation, as well as the standard deviations in these values. Also given are the line-of-sight velocity dispersions σ los , the mean height above the Galactic plane Z mean , and the mean radial distance in the Galactic plane R mean for each group. With the caveat that the number of clusters is relatively modest, the entries in Table 1 of ≈ 4 and 6 kpc respectively; these objects will be referred to as the "5-kpc-ring" clusters.
A bar-like feature in the space distribution of globular clusters was noted by Woltjer (1975) and Harris (1976) , who suggested that it could be an artifact of distance measurement errors for clusters in directions close to that of the Galactic Center. Frenk & White (1980) performed Monte Carlo simulations to assess this possibility. They found that errors in distance moduli would have to be as large as 1.0 mag to explain the bar. Whereas the accuracy of distance modulus measurements have increased since the time of Woltjer's (1975) analysis, the bar is more prominent in Figure 1 than in the data of Woltjer, the opposite to what would be expected if the bar were an observational artifact. Note that there is also strong evidence for a bar-like distribution of stars and molecular gas in the Galactic bulge (see the review by Freeman 1996) . It is striking that the stellar bar has a very similar orientation, spatial distribution, and rotational velocity to the subsystem of "bar clusters", indicating a common origin.
Separate least-squares fits were made to the velocity data for the subset of "bar"
clusters and for the subset of "5-kpc-ring" clusters. The results are given in columns 4 and 5 of Table 1 , and the fits for the "5-kpc-ring" subsystem are shown as long-dashed lines in (ii) The 5-kpc-ring clusters constitute a rapidly rotating subsystem, with only a small velocity dispersion. These clusters seem to be members of the Galactic disk. The rotation speed at R = 5 kpc, derived from the solid-body assumption (upper-right panel of Figure 1) is 120 km/s, which compares with 164 km/s under the assumption of a flat rotation curve.
In addition, v rot /σ los = 6, indicative of a disk with well-organised rotation. This subgroup of "5-kpc-ring" clusters has kinematics not greatly different from the old open cluster system of the Galactic disk, which has a scale height of 375 pc (Janes & Phelps 1994 ) and kinematics of v rot = 211 ± 7 km/s and σ los = 28 km/s (Scott, Friel, & Janes 1995) . The difference in the rotation speeds of these two cluster systems may be partly related to the differences in their average age and Galactocentric distance. Rather than being members of the disk, these clusters may instead belong to a metal-enriched inner-halo component. The velocity dispersion among these clusters is not as large as for the system of more metal-poor Galactic halo globular clusters.
This result is in agreement with Frenk & White (1980) who found that the observed line-of-sight velocity dispersion of the halo cluster population increases significantly with Galactocentric distance, indicating a non-isothermal cluster distribution function. The high-mass relatively-high-metallicity clusters might therefore be part of a more centrally condensed and kinematically cooler inner component of the Galactic halo. Formed at times when the interstellar medium in the proto-galaxy had experienced dissipational contraction and the metallicity had increased to relatively high values, these clusters may represent the -9 -last remnants from the true epoch of globular cluster formation in the Galactic halo.
Statistical Analysis
A statistical investigation of the difference between the low-mass and high-mass clusters depicted in Figures 1 and 2 , respectively, is affected by the low number (7) of high-mass clusters. To take account of this limitation, Monte Carlo simulations were performed in which random samples of seven clusters were generated from a population with given average rotational velocity V pop and velocity dispersion σ pop similar to that of the low-mass clusters. For each sample generated, the average rotational velocity v rot was calculated using equation 4. The results for a large number of artificial samples were combined to give the probability that the rotation speed for such a sample is v rot < 24.3 km/s, corresponding to rotation that is as slow as observed for the high-mass system of clusters. The data for each set of seven clusters were generated as follows: first, a value for cos Ψ was chosen, randomly distributed between −1 and +1. The cluster velocities V S were then generated assuming a normal probability distribution function:
with values of V pop and σ pop chosen to be representative of the low-mass system of clusters.
Using this method, we find that there exists a 10% probability that the high-mass clusters are drawn from the same kinematical population as the combined sample of low-mass clusters. Comparing the high-mass clusters and the low-mass bar clusters, we find a 51% probability that these two samples have similar kinematical properties. On the other hand, the velocity distributions of high-mass clusters and low-mass ring clusters are significantly different, with a probability of less than 4 × 10 −6 that both samples result from the same population.
In summary, we can rule out with a high probability that the high-mass clusters have an average rotational velocity and a velocity dispersion similar to the ring clusters. They appear to be two distinct subsystems. The relation of the bar clusters to the high-mass clusters is not clear from the present analysis. The similar kinematical properties of both subsystems (assuming a constant rotational velocity) suggests that they may be drawn from the same or related populations. However, the more extended spatial distribution of the high-mass clusters indicates that this subsystem is part of the inner halo. The origin of the bar clusters, on the other hand, is more likely related to the formation of the central stellar bar or bulge. The formation of the inner halo and Galactic bulge/bar could also be coupled.
Summary
We propose that the following three subsystems can be distinguished among the (Murray & Lin 1989; Harris & Pudritz 1994; Brown et al. 1995; Burkert et al. 1996) . However, as the interstellar medium collapsed into the center and the equatorial plane and the metallicity built up, cluster formation tended to produce the low or intermediate-mass globular clusters (log M/M ⊙ < 5.5) found in the bar or the 4-6 kpc ring noted in Figure 1 . As the disk built up further from the inside out, the sites of cluster formation propagated outwards through the disk into regions beyond 7 kpc from the Galactic Center. The typical masses of clusters being formed at this time were markedly lower, with open clusters like NGC 6791 and NGC 188 being produced.
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